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 246 INO CHITKEI AND THE FIRST SURVEY OF JAPAN.

 d. Structure.

 The structure of the oldermass is so obscure that no attempt has been made to
 indicate even its main outlines in Fig. 2, except in so far as it has been affected by
 the Orogenic uplift, which has folded the covering strata also. A generalized
 account of the structure of the covering strata has already been given in section B.
 The assumption that the surface on which the covering strata were deposited was
 one of very low relief was made for convenience in constructing Fig. 2, and is
 perhaps not warranted by facts of observation. Nothing, however, has been
 observed which would indicate that the assumption is f alse.

 The folds in the back of Fig. 2 have been restored up to the horizon of the Grey
 Marl. The restoration was not made up to the surface of the " Post-Miocene
 Conglomerate," because the nature of the conglomerate leads to the belief that it
 never extended over the whole of the area represented. The same objection does
 not apply to the Grey Marl and underlying beds, the wide original extension of
 which has been satisfactorily shown by McKay * and Hector.f

 The conception of the uplifts as anticlinal agrees with the observed facts and
 with the explanation of the structure given by Hector,{ and the section across the
 valley (in Fig. 2), while necessarily diagrammatie, will be found to agree in
 general with the sections along the Dee and Mead rivers given by McKay.? Tho
 great reversed fault is that described by McKay as the Middle Clarence Fault || or
 Great Clarence Fault.^f

 The restoration of the seaward Kaikoura anticlinorium in the left portion of
 the diagram is probably a fairly accurate representation of facts, but no account
 is taken of a possible thinning of the covering strata in that direction.

 The restoration of the Kaikoura anticlinorium north-westward of the fault

 plane in the right portion of the diagram is offered with less confidence, for it is
 certain that a pre-conghmerate uplift of some kind, possibly of the nature of block
 faulting, must have affected an area outside that in which the covering strata are
 preserved in order to provide the material for the conglomerate, and it is probable
 that the movement affected at least a considerable portion of the rocks occupying
 the site of the Kaikoura range. This is the episode of local uplift towards the end
 of stage 2 referred to in section B. The nature of the movement being unknown,
 it was decided to ignore it in constructing the diagram. This portion of Fig. 2,
 however, while admittedly not representing all the facts, should prove helpful
 in explaining the post-conglomerate movements.

 INO CHUKEI AND THE FIRST SURVEY OF JAPAN.**

 By E. B. KNOBEL.

 It will not be uninteresting to record something of a remarkable man who
 alone undertook a survey more extensive in area than that of the whole
 British Isles, and who accomplished it so well, and, for his period, so

 * A. McKay, Loc. cit. 1892, pp. 5-7.
 f Sir James Hector, Loc. cit., 1890, pp. xxxvi., xxxvii.
 % Ibid., 1886, pp. xiv., xv., and 1890, pp. xxxviii., liv.
 ? Ibid., 1886, pp. 94, 95.
 II Ibid., 1886, p. 130. f Ibid., 1892, p. 14.
 ** Substance of a discourse delivered to the Royal Astronomical Society.
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 accurately, that up to not many years ago his determinations of latitude
 and longitude were the only ones available for many places in Japan.

 Ino Tadayoshi, commonly called Ino Chukei, was born in 1744. From
 early manhood till about 1795 he was a brewer of sake. He was always
 greatly interested in astronomy, and in 1769 he observed the transit of
 Venus. He studied the motions of the sun and moon, and the method of
 calculating eclipses under Takahashi, the astronomer to the Shoguns. He
 became enamoured of the art of surveying, and in the year 1800, when
 he was 55 years of age, he petitioned the Shoguns to be allowed to make
 a map of his country at his own expense.

 At this time no accurate map of Japan existed or had ever been made.
 Many navigators had made rough maps of the coast, all very crude and
 inaccurate, most of which may be seen in the great work on Japan by
 Count Teleki. The Jesuit fathers in the seventeenth century had made
 a map which gives a great many towns and some details, but the errors
 are so large and the configuration of the coast so incorrect, it is clear it
 was not based upon any scientific survey whatever. For instance, it makes
 the mainland extend over 15? of longitude instead of 12?. It must be
 remembered that Japan was a closed country from the time of the expulsion
 of the Jesuits till far into the nineteenth century. Sir Edward Belcher
 remarks (1841), " The coasts of Japan have not at any period been surveyed
 by competent persons, and the outlines of the main islands which we possess
 upon the authority of the Jesuits can only be reckoned as maps instead
 of charts."

 In nine months Ino Chukei made a rough map of the whole of Japan,
 including the northern island Hokkaido. He then commenced a more
 systematic and accurate survey, upon which he laboured unceasingly till
 the year 1818, though according to some accounts he did not complete
 it till 1821. In this work he had 13 assistants, including 4 pupils, and
 during this period he made 1135 determinations of the latitude and longitude
 of different places. The results are contained in 14 MS. volumes including
 33 sheets of maps. These maps were found to be so good and so free from
 large errors that they were adopted as the basis of the more recent trigono-
 metrical survey of Japan.

 Ino determined the length of a degree of longitude in three latitudes
 as follows :?

 35?=231 Ri

 40?=21-6 ?
 44?=20'285 ?

 It is doubtful what the exact value of the Ri was at the period. It is
 stated that it varied in different provinces, but taking the value adopted
 by the Japanese Government 1 Ri=24403382 English miles=12,885 feet;
 then the length of 1 minute of longitude will be?

 35?=4961 feet, standard value 4991
 40?=4639 ? ? ? 4669
 44? =4356 ? ? ? 4385
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 248  INO CHITKEI AND THE FIRST SURVEY OF JAPAN.

 He is also said to have determined " the mean length of one degree of
 latitude," which I assume to mean the length of one degree of the mean
 latitude of Japan, as 28'2 Ri=6056 feet length of 1 minute. The mean
 latitude of Japan is 36?, and the standard value of 1 minute is 6066 feet.

 The instruments he used were all of his own construction. They
 consisted of a quadrant, an azimuth instrument, and a compass.

 The brass quadrant is 19 inches in radius, mounted on a wood frame,
 with a telescope fixed to one of
 the straight limbs; radial lines
 measure to thirds of a degree,
 and by means of a diagonal scale
 angles could be read to one
 minute.

 The azimuth instrument had

 a horizontal circular disc of

 copper 19 inches in diameter,
 graduated by radial lines into
 degrees. Passing through this
 disc was an upright wooden
 pillar carrying a telescope. This
 pillar rotates, carrying with it
 a horizontal rod resting on the
 graduated cirele. There was
 also a diagonal scale by which
 azimuths could be read to ten

 minutes of are. With this instrument Ino made a system of triangulation
 of prominent hills and landmarks; and from the measured distances the
 longitudes were calculated.

 These instruments were in London three years ago, when they were
 exhibited at the Japan-British Exhibition at Shepherd's Bush, and the
 work they did was described by me at a lecture at that Exhibition. I
 carefully examined the graduations of the quadrant with a magnifler.
 It was beautifully engraved, the lines fine, clean, and even. There can
 be little doubt that it was entirely made by the Japanese. One had been
 led to suppose that these were the original instruments actually used by
 Ino, but I have since found that those were destroyed by fire sometime
 after 1821, and the instruments exhibited were exact copies made in 1828.

 For measuring distances he used the primitive method of a rope, and
 a species of perambulator. The original compass he used was exhibited
 at Shepherd's Bush. At his period there appears to have been no magnetic
 declination in Japan, and the needle pointed true north.

 Fortunately, the map of Japan made by Ino Chiikei is available to us
 through the efforts of the celebrated Von Siebold, to whom the world is
 indebted for so much information about Japan.

 Siebold went to Japan in 1823, and in 1826 he made friends with the

 INO CHUKEl'S SURVEYING INSTRUMENTS.

 {Prof. T. Hayashi.)
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 court astronomer Takahashi, son of the man of the same name under
 whom Ino studied astronomy. From him Siebold bought two maps of
 the country, which in those days it was high treason to put into the hands
 of any foreigner. Two years later this was discovered. Takahashi was
 imprisoned and died during his trial, or he would have been beheaded.
 Siebold was imprisoned and had to do penance, and was banished the
 country in 1830, but he managed to save the maps. After his return to
 Europe the map was engraved with Chinese assistance, and it was published
 in 1841 under the title " Map of the Japanese Empire from the Original
 Maps and Astronomical Observations of the Japanese." * The name of
 Ino Chukei does not appear on it, and indeed throughout Siebold's works
 the authorship and credit are given erroneously to Takahashi, and this
 error has been repeated by Count Teleki in his extensive work on Japanese
 cartography. Siebold published four facsimiles of the original MS. maps,
 which are of course in Chinese characters. I have carefully examined them
 and taken out the positions of some places, which is difficult on account of
 the absence of lines of latitude and longitude. The scale is about 3f inches
 to a degree of latitude. The maps show very full details. There is a list
 of marks and symbols attached to names to indicate whether the name is
 that of a province, a city, a river, a Buddhist or a Shinto temple, etc.

 The engraved map is on a scale of 2| inches to a degree of latitude.
 From this I have taken out several positions and compared them with an
 excellent map issued by the Japanese Government.t

 Longitudes.

 Ino's longitudes were measured east and west of Miyako (Kyoto) as
 origin. The above series of longitudes by Ino depend upon the Greenwich
 longitude assigned by Siebold to Kyoto, which is 5' in error, consequently

 * In the library of the Royal Geographical Society.
 f The modern names of places in Japan differ in many cases from what are given

 in the map in question.
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 250  INO CHUKEI AND THE FIRST SURVEY OF JAPAN.

 +5 ought to be added to all the above differences, This is eliminated in
 the following table :?

 Difference in Longitude.

 Tokyo?Kyoto ...
 Tokyo?Nagoya
 Tokyo?Nagasaki
 Niigata?Inuboesaki
 Irosaki?Muratosaki

 Latitudes.

 The above figures speak for themselves and require no comment.
 When we consider that this remarkable man only started on his great

 survey at the age of 55 when his life was declining?that he surveyed
 137,000 square miles, 16,000 square miles more than all the British Isles,
 using instruments antiquated and behind his time, and that his results
 were so good and reliable?the individual prowess of those who have
 laboured in the great surveys of Western countries pales its diminished
 fire before the devotion, perseverance, patience, ? and assiduity of Ino
 Chiikei, whose name must ever deserve a high place in the annals of
 cartography.

 It is pathetic to read that he met with no reward in his lifetime, for
 on the termination of his work he was thrown into prison by the Shoguns,
 where he remained until he died in the year 1821. But when the happy
 era of the Meiji began in 1868, justice was at once done to Ino CMkei;
 his works were immediately printed, and they were published in 1870;
 an Imperial order was subsequently conferred on the man long since dead,
 and a monument erected to his memory in the Shiba temples at Tokyo.
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